
PCT 1 ^WORLD INTELLECTUAL PROPERTY ORGANIZATION 

International Bureau 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
B66B 7/06, D07B 1722 



Al 



(11) International Publication Number: WO 99/43590 

(43) International Publication Date: 2 September 1999 (02.09.99) 



(21) International Application Number: PCT/US99/03643 

(22) International Filing Date: 19 February 1999 (19.02.99) 



(30) Priority Data: 

09/031,108 
09/169,415 
09/218,990 



26 February 1998 (26.02.98) US 
9 October 1998 (09.10.98) US 
22 December 1 998 (22. 1 2.98) US 



(71) Applicant: OTIS ELEVATOR COMPANY [US/US]; 10 Farm 

Springs, Farmington, CT 06032 (US). 

(72) Inventors: ADIFON, Leandre; 35 Brentwood Drive, Farming- 

ton, CT 06032 (US). BARANDA, Pedro. S.; 52 Berkshire 
Drive, Farmington, CT 06032 (US). 

(74) Agent: HENLEY, Randy, Otis Elevator Company, Intellectual 
Property Dept., 10 Farm Springs, Farmington, CT 06032 
(US). 



(81) Designated States: BR, CN, IN, JP, KR, RU, European patent 
(AT, BE CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, 
LU. MC, NL, PT, SE). 



Published 

With international search report. 



(54) Tide: TRACTION ELEVATOR SYSTEM USING A FLEXIBLE, FLAT ROPE AND A PERMANENT MAGNET MACHINE 




A traction elevator system includes a machine having a rotor including permanent magnets and a flat rope engaged with the machine. 
The flat rope includes one or more load-carrying members retained within a common sheath from a non-metallic material. 




FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia ' 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


Prance 


LU 


. Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Paso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria . 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United Stales of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


ci 


C6te d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






BE 


Esronia 


LR 


Liberia 


SG 


Singapore 







99/43590 ■ • m 



PCT/US99/03643 



Description 

Traction Elevator System Using a Flexible, Flat 
Rope and a Permanent Magnet Machine 

Technical Field 

The present invention relates to elevator systems, and more particularly to 
elevator systems that use machines with rotors having permanent magnets. 

Background of the Invention 

A typical traction elevator system includes a car and a counterweight 
disposed in a hoistway, a plurality of ropes that interconnect the car and 
counterweight, and a machine having a traction sheave engaged with the ropes. 
The ropes, and thereby the car and counterweight, are driven by rotation of the 
traction sheave. The machine, and its associated electronic equipment, along 
with peripheral elevator components, such as a governor, are housed in a 
machineroom located above the hoistway. 

A recent trend in the elevator industry is to eliminate the machineroom 
and locate the various elevator equipment and components in the hoistway . An 
example is JP 4-50297, which discloses the use of a machine located between the 
car travel space and a wall of the hoistway. Another example isUS Patent 5, 
429,21 1 , which discloses the use of a machine located in the sime position but 
having a motor with a disc-type rotor. This configuration makes use of the 
flatness of such a machine to minimize the space needed for the machine in the 
hoistway. This machine disclosed also makes use of permanent magnets in the 
rotor in order to improve the efficiency of the machine. These types of 
machines, however, are limited to relatively low duties and low speeds. 

One possible solution to apply such machines to higher duty load elevator 
systems or higher speed systems is to increase the diameter of the rotor. This 
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solution is not practical, however, due to the space constraints of the hoistway. 
Another solution, disclosed in PCT Application PCT/FI98/00056, is to use a 
machine with two motors and a traction sheave sandwiched between the two 
motors. This solution, however, also exceeds the space limitations of the 
5 hoistway and requires the provision of a separate machineroom above the 
hoistway to house the machine. 

The above art notwithstanding, scientists and engineers under the 
direction of Applicants' Assignee are working to develop elevator systems that 
efficiently utilize the available space and meet the duty load and speed 
1 0 requirements over a broad range of elevator applications. 

Disclosure of the Invention 

According to the present invention, an elevator system includes a 
machine having a rotor including permanent magnets and a flat rope engaged 
15 with the machine. 

Flat rope, as used herein, is defined to include ropes having an aspect 
ratio, defined as the ratio of width w relative to thickness t, substantially greater 
than one. A more detailed description of an example of such ropes is included in 
commonly owned co-pending US Patent Application Serial Number 09/031,108, 
20 entitled "Tension Member for an Elevator", filed February 2, 1 998, which is 
. incorporated herein by reference. 

. An advantage of the present invention is the size of the machine required 
to meet duty load and speed requirements. The combination of the improved 
efficiency of the machine and the torque reduction provided by the flat rope 
25 result in a very compact machine that can be fit within the space constraints of a 
hoistway without adversely affecting the performance of the elevator system. 
This permits the machine to be located in positions that were previously 
impractical. 
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Another advantage is a reduction in the energy consumption of the 
elevator system using the present invention. The flat rope results in an 
engagement surface, defined by the width dimension, that is optimized to 
distribute the rope pressure. Therefore, the maximum pressure is minimized 
within the rope. In addition, by increasing the aspect ratio relative to a round 
rope, which has an aspect ratio substantially equal to one, the thickness of the 
rope may be reduced while maintaining a constant cross-sectional area of the 
rope. Minimizing the thickness of the rope results in a smaller diameter traction 
sheave, which in turn reduces the torque on the machine decreases the size of the 
motor and may eliminate the need for gearing. In addition, the smaller diameter 
of the sheave results in an increased rotational speed of the motor, which further 
increases the efficiency of the machine. 

In a particular embodiment, the permanent magnet machine is combined 
with a flat rope that includes a plurality of load-carrying members and a sheath 
that surrounds the load-carrying members and is formed from polyurethane. In 
one configuration, the load-carrying members are formed from an aramid 
material that produces a high strength, lightweight rope with enhanced flexibility, 
as compared to conventional round steel ropes. . In another configuration, the 
load-carrying members are steel cords formed from very thin wires, with the 
wires having diameter of .25 mm or less. The use of a sheath formed from 
polyurethane permits the outer surface of the rope to be optimized for traction. 

An advantage of this particular embodiment is the minimal risk of heat 
damage to the sheath and the load-carrying members of the rope due to use of a 
machine having a rotor with permanent magnets. In a conventional induction 
motor, much of the heat losses are in the rotor. This heat loss is conducted 
directly to the ropes through the sheave. For ropes formed from materials other 
than steel, which are more temperature sensitive, exposure to such a heat source 
may lead to degradation of the rope. By using a machine having a rotor with 
permanent magnets, however, the principle source of heat loss is through the 
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stator and not through the rotor. Therefore, since there is no direct path between 
the stator and the ropes, the ropes are not exposed to the primary source of heat 
and the risk of heat related degradation of the materials of the rope is minimized. 
In addition, the increased efficiency of the permanent magnet machine reduces 
5 the total heat generated and therefore further reduces the heating of the ropes. 

The foregoing and other objects, features and advantages of the present 
invention become more apparent in light of the following detailed description of 
the exemplary embodiments thereof, as illustrated in the accompanying 
drawings. 

10 

Brief Description of the Drawings 

Figure 1 is a perspective view of an elevator system according to the 
present invention. 

Figure 2 is a perspective view of an alternate embodiment of the present 
15 invention. 

Figure 3 is a sectioned side view of a machine and ropes used in the 
embodiments of Figures 1 and 2. 

Figure 4 is an illustration of another embodiment of the present invention. 
Figure 5 is a sectioned top view of a machine used in the embodiment of 
20 Figure 4. 

Best Mode for Carrying Out the Invention 

Illustrated in Figure 1 is an elevator system 10 according to the present 
invention. The elevator system 10 includes a car 12, a pair of car guide rails 14, 
25 a counterweight 1 6, a pair of counterweight guide rails 1 8, a plurality of ropes 20 
interconnecting the car 12 and counterweight, and a traction machine 22 engaged 
with the ropes 20. The car 12 and counterweight 16 are interconnected to move 
concurrently and in opposite directions within a hoistway 23. 
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The car 12 includes a frame 24 and a pair of diverter sheaves 26 (only one 
of which is shown in Figure 1) disposed on opposite sides of the underside of the 
car frame 24. The diverter sheaves 26 define an engagement means between the 
car 1 2 and ropes 20 and permit the ropes 20 to pass underneath the car 12 such 
5 that the car 12 is underslung. 

The counterweight 16 includes a diverter sheave 28 disposed on the top 
of the counterweight 16. This diverter sheave 28 defines an engagement means 
between the counterweight 1 6 and ropes 20. As a result of the roping 
arrangement shown in Figure 1, both the car 12 and counterweight 16 are roped 

10 in a 2 : 1 arrangement relative to the machine 22. 

The machine 22 is located between the travel path of the car 12 and a wall 
30 of the hoistway 23. The machine 22 is illustrated in more detail in Figure 3. 
The machine 22 includes a motor 32 having a shaft 34 and a traction sheave 36. 
The motor 32 includes a frame 38, bearings 40, a stator 42 and a rotor 44. The 

15 traction sheave 36 is disposed on the end of the shaft 34 and defines an 

engagement surface 46 for the ropes 20. The rotor. 44 is disposed in a fixed 
relationship to the shaft 34 and includes a plurality of permanent magnets 48 
disposed radially inward of the stator 42 such that a radial air gap 50 is defined 
between the rotor 44 and stator 42. The use of permanent magnets 48 increases 

20 the efficiency and minimizes the size of the motor 32. 

The ropes 20 interconnecting the car 12 and counterweight 16 are flexible 
flat ropes. As shown in Figure 3, there are three separate flat ropes 20 engaged 
with the machine 22. Each flat rope 20 includes a plurality of load-carrying 
members 52 encompassed by a sheath 54. The plurality of load-carrying 

25 members 52 support the tension loads in the ropes 20. The sheath 54 provides a 
retention layer for the load-carrying members 52 while also defining an 
engagement surface 56 for the flat rope 20. Traction between the flat rope 20 
and the machine 22 is the result of the interaction between the engagement 
surface 56 of the ropes 20 and the complementary engagement surface 46 of the 
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machine 22. Although shown in Figure 3 as having three flat ropes 20, each 
having four load-carrying members 52, it should be noted that different numbers 
of flat ropes and different numbers of load-carrying members within each rope 
may be used, such as an embodiment having a single flat rope or a flat rope 
5 having a single load-carrying member. 

A suggested material for the load-carrying members is an aramid 
material, such as that sold by DuPont under the name of KEVLAR. Such 
materials provide the advantages of having high tensile strength and being 
lightweight relative to conventional materials, such as steel. As an alternative, 
10 the load-carrying member may be formed from steel cord. In order to provide 
sufficient flexibility in the rope, it is suggested to form the cord from steel wires 
or fibers having diameters of .025 mm or less. 

A suggested material for the sheath is polyurethane. Polyurethane 
provides the durability required while also enhancing the traction between the 
15 . flat rope and the machine. Although this material is suggested, other materials 

may also be used. For instance, a sheath formed from neoprene or rubber may be 
used. 

The use of flexible, flat ropes 20 minimizes the size of the traction sheave 
36 and thereby minimizes the torque on the motor 32 and increases the rotational 
20 speed of the motor 32. By combining these characteristics of the flat ropes 20 
• -with the characteristics of the permanent magnet machine 22, the motor 32 size 
is further reduced and the machine 22 can be fit within the space available 
between the car 12 and hoistway wall 30. Another advantage is that the higher 
rotational speeds further increases the efficiency of the motor 32 and may 
25 eliminate the need for a gear box. 

The use of a rotor 44 having permanent magnets 48 also reduces the 
amount of heat loss through the rotor 44 as compared to conventional induction 
motors. As shown in Figure 3, the rotor 44, traction sheave 36 and ropes 20 are 
in direct contact. This direct contact results in heat generated in the rotor 44 
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being conducted to the ropes 20. For conventional induction motors, the rotor 
accounts for approximately one-third of the heat loss. However, for rotors using 
permanent magnets, the heat loss through the rotor is minimal and the primary 
source of heat loss in such motors is through the stator. As shown in Figure 3, in 
embodiments according to the present invention there is no direct path between 
the stator 42 and the ropes 20. Therefore, the effects on the ropes 20 of the heat 
loss of the motor 22 is minimized. This is especially significant for ropes having 
a sheath formed from non-metallic materials, such as polyurethane, that are more 
susceptible to heat degradation than steel. 

The elevator system 10 illustrated in Figure 1 includes an underslung car 
12. Figure 2 illustrates another embodiment. In this embodiment, a car 57 
includes a pair of diverter sheaves 58 located on the top of the car 57 in a manner 
known as overslung. In conventional elevator systems, overslung roping 
arrangements are less desirable in some applications due to the need to provide 
additional overhead space for the elevator system. This is especially significant 
if the machine is located in the hoistway. In the configuration shown in Figure 2, 
however, the effects of an overslung car 57 are minimized as a result of the small 
machine and small sheaves that may be used with the present invention. 
Therefore, an overslung car 57 using Applicants' invention requires less 
overhead space and is more practical. 

In another alternative (not shown), the car may be directly roped to the 
machine such that no sheaves are required on the car. In addition, although it is 
not illustrated, the machine may be located above the car travel path. Although 
in this particular embodiment an allowance will have to be made for the space 
required in the overhead for the machine, the combination of a permanent magnet 
machine and flexible flat ropes will minimize this space allowance. 

Although illustrated in Figures 1-3 as an elevator system having a 
cylindrically shaped machine having a radially oriented air gap, other types of 
machines may also be used with the present invention. One such embodiment is 
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illustrated in Figures 4 and 5. In this embodiment, the elevator system 70 
includes a car 72, a counterweight 74, a pair of guide rails 76 for the car 72 and 
counterweight 74, a machine 78 disposed between the car 72 and a wall 80 of the 
hoistway, and a plurality of flat ropes 82 interconnecting the car 72 and 
5 counterweight 74. 

The machine 78 and ropes 82 are illustrated in more detail in Figure 5. 
The machine 78 includes a motor 84 and a traction sheave 86. The motor 84 
includes a frame 88, a stator 90 and a rotor 92. The rotor 92 is a disc-type rotor 
92 that produces a relatively flat machine 78. A plurality of permanent magnets 

10 94 are circumferentially spaced about the axis 96 of the machine 78 and axially 
spaced from the stator 90 such that an axial air gap 98 between the rotor 92 and 
stator 90 is defined. The traction sheave 86 is integral to the rotor 92 and 
includes an engagement surface 100 for the plurality of ropes 82. The plurality 
of ropes 82 are similar to those described with respect to the embodiment of 

15 Figures 1-3. 

The embodiment of Figures 4 and 5 has the same advantages as discussed 
previously for the embodiment of Figures 1-3. In addition, the application of flat 
ropes 82 to the disc-type machine 78 of Figure 5 will result in minimizing the 
diameter of the rotor 92 and stator 90, thereby making this configuration 
20 applicable to a wider range of elevator applications. 

The embodiments illustrated in Figures 1-5 were all elevator systems 
having gearless machines. Although the invention is particularly advantageous 
in that it extends the range of usefulness of gearless machines, it should be noted 
that the invention may also be used with geared machines in particular 
25 applications. In addition, although shown in figure 3 as having a rotor radially 
inward of the stator, it should be apparent to those skilled in the art that the 
relative positions of the rotor and stator may be switched. 

Although the invention has been shown and described with respect to 
exemplary embodiments thereof, it should be understood by those skilled in the 
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art that various changes, omissions, and additions may be made thereto, without 
departing from the spirit and scope of the invention. 
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CLAIMS 

What is claimed is: 

5 1 . An elevator system having a car disposed within a hoistway, the elevator 
system including: 

a rope engaged with the car, the rope having a width w, a thickness t 
measured in the bending direction, and an aspect ratio, defined as the ratio of 
width w relative to thickness t, greater than one; and 
10 a machine engaged with the rope to drive the rope through traction 

between the rope and machine, and thereby drive the car through the hoistway, 
wherein the machine includes a rotor formed in part from permanent magnets. 

2. The elevator system according to Claim 1 , wherein the rope includes a 
15 sheath formed from a non-metallic material. 

3. The elevator system according to Claim 2, wherein the sheath is formed 
from polyurethane. 

20 4, The elevator system according to Claim 1 , wherein the rope includes one 
or more load-carrying members formed from a non-metallic material. 

5. The elevator system according to Claim 4, wherein the load-carrying 
members are formed from an aramid material. 

25 

6. The elevator system according to claim 1, wherein the load-carrying 
members are formed from steel. 
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10 



15 



20 



7. The elevator system according to Claim 6, wherein the load-carrying 
members are formed from steel wires having diameters of 0.25 mm or less. 

8. The elevator system according to Claim 1 , wherein the rotor is 
cylindrically shaped. 

9. The elevator system according to Claim 1 , wherein the rotor is flat. 

1 0. The elevator system according to Claim 1 , wherein the machine includes 
a motor having the rotor and a stator, and further including an air gap between 
the rotor and stator, and wherein the rotor is axially spaced from the stator. 

11. The elevator system according to Claim 1 , wherein the machine includes 
a motor having the rotor and a stator, and further including an air gap between 
the rotor and stator, and wherein the rotor is radially spaced from the stator. 

12. The elevator system according to Claim 1 1, wherein the rotor is spaced 
radially inward of the stator. ■ 

13. The elevator system according to Claim 1 , wherein the machine is 
gearless. . ... 

14. The elevator system according to Claim 1 , wherein the machine further 
includes a traction sheave, and wherein the rope further includes a plurality of 
individual load carrying ropes encased within a sheath, wherein the sheath 
defines the engagement surface for engaging the traction sheave. 

15. The elevator system according to Claim 1 , wherein the machine is 
disposed between the travel space of the car and a wall of the hoistway. 
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16. The elevator system according to Claim 1 , wherein the rope is engaged 
with a pair of sheaves disposed on the car such that the rope passes underneath 
the car. 

5 

17. The elevator system according to Claim 1 , wherein the rope is engaged 
with a sheave disposed on the top of the car. 

18. An elevator system having a car disposed within a hoistway, the elevator 
10 system including: 

a rope engaged with the car, the rope including a load-carrying member 
and a sheath, wherein the sheath is formed from a non-metallic material; and 

a machine including a traction sheave and a rotor, the traction sheave 
being directly connected with the rotor for concurrent rotation and engaged with 
1 5 the rope to drive the rope through traction between the rope and traction sheave, 
and thereby drive the car through the hoistway, wherein the rotor is formed in 
part from permanent magnets. 

19. The elevator system according to Claim 1 8, wherein the rope has a width 
20 w, a thickness t measured in the bending direction, and an aspect ratio, defined as 

the ratio of width w relative to thickness t, greater than one. 

20. The elevator system according to Claim 1 8, wherein the sheath is formed 
from a polyurethane material. 

25 

21. The elevator system according to Claim 1 8, further including one or more 
load-carrying members, wherein the load-carrying members are formed from a 
non-metallic material. 
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22. The elevator system according to Claim 2 1 , wherein the load-carrying 
members are formed from aramid material. 

23. The elevator system according to Claim 18, further including one or more 
load-carrying members, wherein the load-carrying members are formed from 
steel. 

24. The elevator system according to Claim 23, wherein the load-carrying 
members are formed from steel wires having a diameter of 0.25 mm or less. 
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